Preface
We present in this book a geometric theory for incompressible flows and its applications to fluid dynamics. This study was initiated by the authors in the mid1990s with the original motivation to contribute to the understanding of oceanic dynamics in physical space. The development of the theory and its applications have gone well beyond the original motivation since then.
The main objective of the work presented in this book is to study the stability and transitions of the structure of incompressible flows and their applications to fluid dynamics and geophysical fluid dynamics. This book addresses both kinematic and dynamic theories for incompressible flows and their applications.
Part of this book was used for a one-semester graduate topic course in the Mathematics Department at Indiana University. This book contains six chapters. The first three chapters are devoted to the classification and stability of topological structures of divergence-free vector fields on two-dimensional compact manifolds. The last three chapters deal with the classification, stability and evolution of topological structures of the solutions of hydrodynamical equations such as the Euler equations and the Navier-Stokes equations. Examples with numerical studies are given in the last chapter.
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Finally, nothing would have been possible without the understanding and patience of Li and Ping, and special thanks go to Jiao, Wayne and Melinda, for all the fun they have brought us.
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